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MODULAR SOFT STARTER 

REFERENCE TO RELATED APPLICATION 

This application is a continuation of, and claims priority to 
and the benefit of U.S. patent application Ser. No. 1 1/743, 
832, filed May 3, 2007, entitled MODULAR SOFT 
STARTER, which claims priority to and the benefit of U.S. 
Provisional Patent Application Ser. No. 60/883,837, filed Jan. 
8, 2007, entitled MODULAR SOFT STARTER, the entirety 
of which applications are hereby incorporated by reference. 

FIELD OF THE INVENTION 

The present invention relates generally to electrical motors 
and more particularly to soft starters for electric motors. In 
general, motor drive systems are employed in medium Volt 
age motor drives and other applications in which electrical 
power is converted for driving electric motors or other loads. 
These systems are typically housed in cabinets to protect the 
system components from dirt or other contaminants as well as 
to prevent exposure of operating personnel to high Voltages 
and currents present inside the cabinet. In this respect, 
medium Voltage motor drives typically include transformers, 
contactors, Switches, and other high power electronic devices 
that may include exposed terminals carrying tens or hundreds 
of amps and which may be at hundreds or even thousands of 
volts potential with respect to ground. Closed cabinetry thus 
serves to prevent inadvertent contact by operators or other 
personnel with live components of motor drives and other 
power conversion systems during normal system operation. 

Soft starters are sometimes referred to as solid state motor 
starters, and are operable to control the starting and stopping 
of electrical motors by selectively providing power from a 
power Source to the individual motor leads using Switching 
devices such as Silicon Controlled Rectifiers (SCRs), thyris 
tors, or other solid state power switches. Soft starters may be 
used to power an induction motor during starting and stop 
ping, with the Soft starter bypassed during normal operation 
in which the motor is driven from another power source such 
as a Variable Speed Drive (VSD). In general, soft starters are 
employed to mitigate large startup currents that would other 
wise occur if the motor were energized from stand still by 
connection to line power. As the motor speed gradually 
increases, the motor terminal Voltage is controlled automati 
cally till the motor reaches near full speed, at which point the 
Soft start can be bypassed. 
The various motor drive components including soft starters 

are typically housed in an industrial cabinet type enclosure. 
The space occupied by Soft starters and other drive compo 
nents needs to be economized in order to conserve space in a 
given cabinet or to potentially reduce the required cabinet 
size. In the many possible motor drive applications, more 
over, Soft starters of various Voltage ratings are needed foruse 
with different motor sizes. Thus, there is a need for improved 
motor soft starters by which a variety of different motor soft 
starters can be constructed having appropriate Voltage and 
power ratings for a given application, and by which the soft 
starter can be positioned in different cabinet sizes and con 
figurations without occupying excessive cabinet space. 

SUMMARY 

Various aspects of the present invention are now Summa 
rized to facilitate a basic understanding of the invention, 
wherein this summary is not an extensive overview of the 
invention, and is intended neither to identify certain elements 
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2 
of the invention, norto delineate the scope thereof. Rather, the 
primary purpose of this Summary is to present some concepts 
of the invention in a simplified form prior to the more detailed 
description that is presented hereinafter. 
The invention relates to motor soft starter modules that are 

operable to power a motor by selectively connecting power 
from a power source via a line terminal with the motor leads. 
The modules may be of any suitable power rating, such as 
2400 volts, where a module is provide for each motor phase, 
such as three modules for a three-phase induction motor. For 
higher motor Voltage requirements, multiple modules can be 
connected in series for each motor phase, thereby allowing a 
single module design or a relatively small number of module 
designs to be employed to construct a large number of differ 
ent motor soft starter configurations. The modules, moreover, 
have highly adaptable mounting features allowing orientation 
of each module in a number of different ways within a given 
cabinet, thereby facilitating the construction of any desired 
motor drive/soft starter system while minimizing the cabinet 
space required. 
The individual modules include a first switching device, 

such as an SCR or other semiconductor based switch having 
a first terminal (e.g., an anode) coupled with a module load 
terminal and a second terminal (e.g., cathode) coupled with a 
line terminal, as well as a second Switching device having a 
first terminal electrically coupled with the line terminal and a 
second terminal electrically coupled with the load terminal. 
The Switches are operated by a driver apparatus, Such as one 
or two driverboards that provide Switching control signals to 
the Switches. Each module includes a housing comprised of 
two housing structures mounted to one another to define an 
interior cavity in which the Switches are mounted and allow 
ing for external access to the load terminal and the line ter 
minal, where one or both of the housing structures provide 
driver Support structures for mounting the driver apparatus to 
the housing. The Switches may be arranged in a clamped stack 
with intervening heat sinks with the Stack arrangement 
mounted in the cavity of the housing. 
The housing further includes two or more module mount 

ing structures located on one or both housing structures that 
allow the assembled housing to be mounted to a flat structure 
Such as a cabinet wall, floor, ceiling, etc. with either the 
module top, bottom, or side generally parallel to the flat 
structure. The module mounting structures in one implemen 
tation include sets of flanges on one or both of the housing 
structures that provide holes and/or slots allowing the housing 
to be mounted using screws or other fasteners that extend 
through the holes or slots. In this manner, the modules may be 
oriented in a large number of different arrangements to facili 
tate interconnection while optimizing space utilization within 
a given cabinet design. 
The housing structures may also include mounting features 

for other components, such as Snubber resistors and capaci 
tors and Voltage sharing resistors, including cone shaped 
structures to accommodate dimensional tolerance variations 
in tubular power resistor sizes, etc. The cone shaped resistor 
Supports may be slotted to allow the Supports to flex to accom 
modate dimensional variations in the size of the snubber or 
sharing resistors. In addition, the housing structures may 
provide driver support structures for mounting the driver 
boards in two or more orientations on the exterior of the 
housing, to thereby increase the flexibility in wiring cables to 
the modules in a given modular Soft starter configuration. 
The two housing structures are preferably made of non 

conductive molded material and are joined along a closure 
line that extends around two or more sides of the housing in a 
closure plane. The closure, moreover, may include mating 
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ribs and grooves along the closure line of the two housing 
structures to provide Voltage separation between the module 
and adjacent components within a given cabinet structure. 
The housing structures in one embodiment include closure 
structures with holes for mounting the housing structures 
together using fasteners extending through the holes. In cer 
tain implementations, these housing closure structure holes 
are adapted for use with self-tapping screws, and may also 
include hexagonal recesses to receive hex nuts for assembling 
the housing structures via screws extending through the holes 
to engage the hex nuts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The following description and drawings set forth certain 
illustrative implementations of the invention in detail, which 
are indicative of several exemplary ways in which the prin 
ciples of the invention may be carried out. The illustrated 
examples, however, are not exhaustive of the many possible 
embodiments of the invention. Other objects, advantages and 
novel features of the invention are set forth in the following 
detailed description of the invention when considered in con 
junction with the drawings, in which: 

FIG. 1A is a perspective view illustrating an exemplary soft 
starter module in accordance with one or more aspects of the 
present disclosure with first and second housing structures 
shown separated; 

FIG. 1B is a bottom plan view illustrating the first or top 
housing structure in the module of FIG. 1A showing the 
groove and rib closure seal features thereof; 

FIG.1C is a top plan view illustrating the second or bottom 
housing structure in the module of FIG. 1A showing the 
mating rib and groove seal features; 

FIG. 2A is a front elevation view illustrating the assembled 
soft starter module with two separate gate driver circuit 
boards mounted horizontally on the exterior of the front side 
of the module with one driver board on each of the first and 
second housing structures; 

FIG. 2B is a side elevation view illustrating the assembled 
soft starter module: 

FIG. 2C is a bottom plan view of the assembled soft starter 
module; 

FIG. 2D is a rear elevation view illustrating the assembled 
soft starter module: 

FIG. 3A is a front elevation view illustrating an alternate 
embodiment of the assembled soft starter module with two 
separate gate driver circuit boards mounted vertically across 
the front sides of the first and second housing structures; 

FIG. 3B is a perspective view of the assembled soft starter 
module of FIG. 3A showing the soft starter components 
within the housing cavity; 

FIG. 4 is a perspective view showing the interior of the first 
housing structure; 

FIG. 5 is a perspective view illustrating the first housing 
structure with an SCR/heat sink stack structure removed from 
the housing structure; 

FIG. 6A is a perspective view illustrating an upper portion 
of the first housing structure showing cone shaped resistor 
Supports in the housing interior; 

FIG. 6B is a perspective view illustrating an upper portion 
of an alternate embodiment of the first housing structure 
showing slotted cone shaped resistor Supports; 

FIG. 7 is a perspective view illustrating the upperportion of 
the first housing structure showing two sets of driver board 
Support structures for mounting the driverboards on the exte 
rior of the housing standoff inserts; 
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4 
FIG. 8 is a rear perspective view illustrating the upper 

portion of the first housing structure showing insertion of a 
standoff insert into a driver support slot structure; 

FIG. 9 is a schematic view illustrating interconnection of 
electrical components of the exemplary soft starter module: 

FIG. 10 is a simplified pictorial view illustrating the inter 
connection of electrical components of the exemplary soft 
starter module: 

FIG. 11A is front elevation view illustrating three soft 
starter modules forming a three-phase Soft starter; 

FIG. 11B is a front elevation view showing an array of soft 
starter modules arranged with a plurality of modules con 
nected in series for each of three electrical motor phases to 
provide for increased Voltage rating for the array; 

FIG. 12A is a perspective view showing an exemplary soft 
starter module array configuration with the rear sides of the 
modules mounted to a flat surface where the gate driver 
boards are mounted across the first and second housing struc 
tures; 
FIG.12B is a perspective view showing another exemplary 

soft starter module array configuration with the bottoms of 
the modules mounted to a flat surface where the gate driver 
boards are mounted individually on the housing structures; 

FIG. 12C is a perspective view showing another possible 
array configuration in which the rear sides of the soft starter 
modules are mounted to a flat surface with the gate driver 
boards mounted individually on the housing structures; 

FIG. 12D is a perspective view showing an exemplary two 
level soft starter module array configuration with two rows of 
modules mounted back to back and top to bottom; and 

FIG. 12E is a perspective view showing another exemplary 
soft starter module array configuration with three columns of 
soft starter modules mounted with their back sides to three 
different flat surfaces. 

DETAILED DESCRIPTION 

Referring now to the figures, several embodiments or 
implementations of the present invention are hereinafter 
described in conjunction with the drawings, wherein like 
reference numerals are used to refer to like elements through 
out, and wherein the various features are not necessarily 
drawn to scale. The invention provides a modular approach to 
construction and configuration of motor Soft starters through 
the provision of soft starter modules that can be mounted and 
interconnected in different arrangements. In this manner, a 
given motor starter application with a set of Voltage specifi 
cations can be accomplished by selection of the appropriate 
number of soft starter modules, and any physical space con 
straints can be managed through a choice of a number of 
different mounting structures by which the modules can be 
mounted in different arrangements to economize space and 
ease serviceability. 
An exemplary Soft starter module 2 is shown partially 

opened in FIG. 1A, and fully assembled in FIGS. 2A-2D, 
where the module 2 constitutes a single phase soft starter that 
can be combined with other like modules 2 to create a soft 
starter for a multi-phase electric motor, as illustrated and 
described further below with respect to FIGS. 11A-12E. Each 
individual module 2 includes all of the electrical, control, and 
thermal components necessary to accommodate a single 
phase of a three phase motor controller, wherein the illus 
trated module 2 in one example can accommodate motor 
voltage ratings of up to 2400V. In this case, three such mod 
ules 2 can be employed to provide a soft starter for a complete 
three phase soft starter power circuit up to 2400V. Further 
more, the modular design 2 allows construction of soft start 
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ers of greater Voltage, in which case additional modules 2 are 
linked in a series arrangement for each phase. In one example, 
six modules 2 can be serially connected for each of three 
phases to provide a motor controller for motors rated at 13.8 
KV. 5 

As shown best in FIG. 1A, the exemplary module 2 com 
prises a housing 10 including a first or upperhousing structure 
10a and a second or lower housing structure 10b made of 
non-conductive material, where the housing structures 10a, 
10b are preferably molded thermoplastics or other non-con- 10 
ductive material. The housing structures 10a, 10b, when 
closed or joined, define an interior cavity in which various 
Soft starter circuit components are housed as best shown in 
FIG. 1A, including a power stack that includes two puck style 
SCR switching devices SCR1 and SCR2 interleaved between 15 
three aluminum or copper heat sinks HS1, HS2, and HS3, 
where the heat sink/SCR stack is connected with an anode of 
SCR1 coupled via the heat sink HS1 to a load terminal 12 
(FIG. 5) and a cathode coupled via HS2 to a line terminal 14. 
The second switching device SCR2 has an anode connected 20 
to the line terminal 14 via the second heat sink HS2 as well as 
a cathode coupled with the load terminal 12 via HS3, wherein 
the housing 10 provides external wiring access through cor 
responding openings to the load and line terminals 12 and 14. 
respectively. In addition, the soft starter module 2 includes 25 
internally mounted snubber resistors RS1, RS2, and RS3, a 
snubber capacitor CS, and two sharing resistors RSH1 and 
RSH2, where the snubber circuit components RS, as well as 
the sharing resistors RSH are positioned and retained by 
features molded into the housing structures 10a and 10b as 30 
further illustrated and described below. 
The module 2 includes a driver apparatus such as a pair of 

gate driver circuit boards GD1 and GD2 in one example that 
are electrically coupled via appropriate wiring (not shown in 
FIG. 1A) to the gate terminals of SCR1 and SCR2, respec- 35 
tively, and operate to provide Switching control signals to the 
SCRs for selectively electrically connecting the line terminal 
14 with the load terminal 12 for operating an electric motor 
(not shown). As illustrated and described further below with 
respect to FIGS. 2A and 3A, the module 2 further provides for 40 
external mounting of the gate driver boards GD1 and GD2 in 
a plurality of different orientations, including vertical mount 
ing (FIG. 3A) and horizontal mounting (FIG. 2A). In the 
illustrated examples, the housing structures 10a and 10b pro 
vide molded features 16 that accommodate the use of key slot 45 
locking circuit board stand offs 80 for mounting the driver 
boards GD1, GD2, where the molded driver support struc 
tures 16 in certain embodiments are undercut and open ended 
to allow the insertion of the standoff 80. 
Once assembled (e.g., FIGS. 2A-2D, 3A, and 3B), the two 50 

molded structures 10a and 10b are mechanically joined using 
fasteners such as self-tapping screws 94 (FIG. 1A), nuts and 
bolts, or other fastening means. As shown in FIGS. 1A-1C, 
the upper and lower housing structures 10a, 10b feature a 
series of ribs 60 and grooves 62 along a closure line where the 55 
structures 10a, 10b are joined, which cooperatively inter 
weave to provide voltage separation between the module 2 
and adjacent components. The interlacing of the exemplary 
grooves 62 and ribs 60 along the housing closure line in one 
example provides an accumulated Surface tracking and 60 
through air distance Sufficient to withstand overVoltage con 
ditions expected in power systems with rated Voltage up to 
and including 7.2 kV nominal. The housing 10 thus provides 
an interior cavity for protection and isolation of the internal 
components, including the SCR/heat sink stack, wherein each 65 
housing section 10a, 10b incorporates circular features 90 
and slots 91 that accommodate machined circular elements 

6 
and clamp rods 42c to provide Support and retention for in the 
SCR/heat sink assembly and allow passage of the semicon 
ductor clamp rods 42c, as best shown in FIGS. 1A, 1B, 4, and 
5. The housing 10, moreover, provides at least one cavity to 
fully enclose the associated semiconductor clamp head 42a. 
crossbar 42b, and clamping nuts 42d threaded onto the clamp 
rods 42c (FIG. 5) providing voltage isolation to surrounding 
components. 
As shown in FIGS. 1B and 1C, the housing structures 10a, 

10b further provide integral features 50, 52, and 54 for locat 
ing and retaining the sharing and snubber resistors RSH, RS 
as well as the snubber capacitor CS, wherein the snubber 
capacitor CS retention structures 52a and 52b of the first and 
second housing structures 10a and 10b, respectively, include 
dual recesses to accommodate the variance in terminal diam 
eters at either end of the capacitor CS. The resistor supports 
50 and 54 of the housing structures 10a and 10b are sized to 
fit the internal diameter of the tubular resistors and are tapered 
to provide a wedging action intended to prevent any free 
movement of the resistor and to accommodate dimensional 
variations in resistor components RS and RSH while holding 
the resistors RS, RSH axially captive between the respective 
features in the two housing units 10a and 10b. As discussed 
below in connection with FIGS. 6A and 6B, the cone shaped 
structures themselves provide for dimensional tolerance 
variation accommodation due to flexure in the structures 50, 
54, and the cone shaped structures 50, 54 may also be slotted 
(FIG. 6B) for further dimensional tolerance variations in the 
resistors RS, RSH. 
The housing structures 10, moreover, provide integral 

module mounting structures 30, 32 for mounting the 
assembled module 2 in a variety of physical orientations, 
thereby facilitating optimal configuration of a group of mod 
ules 2 with respect to minimizing space utilization, accessi 
bility, etc. in a given cabinet design. As best shown in FIGS. 
1A and 3B, the module 2 exterior provides a top 20, a bottom 
22, a first (front) side 24a, a second side 24b, a third (rear or 
back) side 24c, and a fourth side 24d. In the illustrated 
examples, a first set of module mounting structures 32a are 
provided on the first housing structure 10a allowing the hous 
ing 10 to be mounted to a flat structure, Such as a cabinet wall, 
floor panel, ceiling panel, etc. (not shown) with the top 20 
generally parallel to the flat structure. In addition, the second 
housing structure 10b includes an alternate set of module 
mounting structures 32b that allow the housing 10 to be 
mounted to a flat structure with the bottom side 22 generally 
parallel to the flat structure. Further, the module 10 can be 
mounted with the back side 24c to a flat structure via another 
set of module mounting structures 30 on both the housing 
structures 10a, 10b. As illustrated and described further 
below in connection with FIGS. 12A-12E, these alternative 
module mounting structures 30, 32 facilitate adaptability of 
the modules 2 to a variety of different installation options. In 
this regard, the module mounting structures 30 and 32 may 
also be used for mounting one module 2 to another module 2. 
for example, as shown in FIG. 12D below. 

Referring now to FIGS. 4 and 5, the interior and front 
surface of the upper housing 10a are shown, wherein the front 
side 24a of housing structure 10a includes recessed slotted 
first driver support structures 16a as well as upper slotted 
driver support structures 16b to accommodate key slot lock 
ing circuit board standoffs 80 as shown further below in 
FIGS. 7 and 8. In addition, upper housing structure 10a 
includes flanged module mounting structures 30, comprising 
slotted openings to allow passage of a threaded fastener for 
mounting the module 10 to a flat surface. Flanges 32a are also 
provide on the top of the upper housing structure 10a, and 
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which include holes for mounting the top of the housing 10 to 
a flat structure. Inside the upper housing structure 10a, cone 
shaped resistor support structures 50a are provided which 
extent inwardly from the top surface of the first housing 
structure 10a for alignment and retention of the snubber resis 
tors RS1-RS3, along with cone shaped sharing resistor Sup 
port structures 54a and a Snubber capacitor Support structure 
52a. As further illustrated in FIGS. 4 and 5, the upper struc 
ture 10a includes a series of inwardly extending ribs 60a as 
well as at least one groove 62a, where the ribs 60a and groove 
62a extend along a closure line at which the upper housing 
structure 10a interfaces with the lower housing structure 10b. 
In this example, the ribs 60a and groove 62a constitute a first 
seal structure extending in a closure plane around three sides 
24b, 24c, and 24d. and a portion of the front side 24a of the 
housing tent. 
As further shown in FIGS. 4 and 5, the upper housing 

structure 10a includes housing closure structures 70a with 
holes 72a permitting mounting of the second housing struc 
ture 10b to the first housing structure 10a using fasteners 
extending through the holes 72. In one example shown in FIG. 
1A, self tapping screws 94 are used to join the two housing 
structures 10a, 10b wherein holes 72a may be adapted to 
fixedly receive self tapping screws 94. In another possible 
implementation, the housing closure structures 70a of the first 
housing structure 10a (and/or the housing closure structures 
70b of the second housing structure 10b) include hexagonal 
recesses 74 (FIG. 2C) to receive hex nuts (not shown) for 
mounting the second housing structure 10b to the first hous 
ing structure 10a using screws extending through the hole 72 
to engage the hex nuts. 
As best shown in FIG. 5, moreover, the SCR/heat sink 

assembly 40 fits into the upper housing 10a with the slots 91 
in the interior of the housing structure 10a accommodating 
the clamp rods 42C and with the arcuate features 90 of the 
upper housing structure 10a providing a seating Surface for 
circular clamps structures 42E clamped to the outer heat sinks 
HS1 and HS3. When the SCR/heat sink assembly 40 is 
inserted into the upper housing structure 10a, line terminal 14 
extends through a slot or other opening in the upper wall of 
housing structure 10a to allow external wiring access and 
interconnection of the line terminal 14 with other soft starter 
circuit components. Similarly, the load terminal 12 in this 
embodiment includes a conductive metal structure clamped 
to the outer heat sinks HS1 and HS3, for which external 
access is provided through an opening in the bottom Surface 
of the lower housing structure 10b when the module 2 is 
assembled. 

Referring now to FIGS. 6A and 6B, further details of an 
upper portion of the first housing structure 10a are illustrated, 
including the above described first driver support structures 
16a and second driver support structures 16b. Importantly, 
FIGS. 6A and 6B show two different embodiments of sharing 
resistor Support structures 54a. In particular, the sharing resis 
tor support structures 54a shown in FIG. 6A are cone shaped 
molded hollow structures extending inwardly to allow seating 
of the end of a tubular sharing resistor RSH, wherein the cone 
shape of the structures 54a permit retention and alignment of 
the sharing resistors RSH1 and RSH2 even in the presence of 
dimensional tolerance variations in the resistors RSH. This is 
accomplished, at least in part, through the combination of the 
conical shape of the structures 54a and the thickness of the 
hollow cone walls in combination with the molded material 
(e.g., thermoplastics, etc.). 

FIG. 6B shows an alternate implementation in which the 
conical resistor Support structures 54a include at least one slot 
extending at least partially along the axial length of the coni 
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8 
cal structures 54a. In another possible embodiment, two such 
slots are provided at approximately 90 degree angles to one 
another. The slotted configuration provides two or more 
inwardly extending cone portions operative to engage the 
interior of the tubular resistors RSH, wherein the slotted 
configuration facilitates flexing of the Supports 54a to accom 
modate dimensional variations in the size of the sharing resis 
tors RSH. Although the examples of FIGS. 6A and 6B illus 
trate conical slotted or non slotted resistor Support structures 
54a for mounting the sharing resistors RSH1 and RSH2, the 
snubber resistor mounting structures 50a in the first housing 
structure 10a (as well as the resistor mounting structures 50b 
and 54b in the second housing structure 10b) are likewise 
cone shaped, and may preferably include slots, wherein all 
Such alternate implementations are contemplated as falling 
within the scope of the appended claims. 

Referring to FIGS. 7 and 8, further details of the driver 
Support structures 16 are shown in the upper portion of the 
first housing structure 10a, wherein the driver support struc 
tures 16 are similarly situated on the second housing structure 
10b. As shown in FIG. 7, the first set of driver support struc 
tures 16a may be used for mounting of the gate driver boards 
GD1 onto one of the housing structures 10a, in which case 
circuitboard standoffs 80 are inserted laterally into the slotted 
structure 16a to allow Subsequent mounting of the circuit 
board (not shown) onto the standoffs 80. In this configuration, 
one gate driverboard GD is mounted to each of the upper and 
lowerhousing structures 10a, 10b (see for example FIG. 1A). 
In another possible configuration, the standoffs 80 are 
inserted into the second set of gate driver Support structures 
16b, wherein two of the structures 16b on the upper housing 
10a will be used to support one end of a gate driver board 
GD1, with the other end of the gate driver board GD1 being 
Supported via Standoffs 80 positioned in corresponding sec 
ond driver support structures 16b of the lower second housing 
structure 10b. FIG. 8 illustrates a top perspective view of the 
upper housing structure 10a with the upper wall thereof not 
shown, and further illustrates the placement of one exemplary 
circuit board standoff 80 within one of the slotted first driver 
Support structures 16a. 

Referring now to FIGS. 9 and 10, various electrical com 
ponents of each Soft starter module 2 are interconnected as 
shown, wherein the switching devices SCR1 and SCR2 are 
connected with an anode terminal of SCR1 coupled through 
the first heat sink HS1 to the load terminal 12, and a cathode 
terminal of SCR1 connected via heat sink HS2 to the line 
terminal 14. The anode terminal of SCR2 is connected via 
heatsink HS2 to the line terminal 14, and the cathodeterminal 
of SCR2 is couple via heat sink HS3 to the load 12. The driver 
boards GD1 and GD2 are coupled to control the switching 
operation of the devices SCR1 and SCR2, respectively, with 
driver board GD1 having a cathode and a gate output con 
nected to control the gate terminal of SCR1. Similarly, driver 
board GD2 has gate and cathode terminals tied to the control 
gate of SCR2. In the illustrated embodiment, three series 
connected snubber resistors RS1, RS2, and RS3 are coupled 
in series with the snubber capacitor CS between driver board 
snubber terminals S1 and S2 of the driver boards GD1 and 
GD2. Current sharing resistors RSH1 and RSH2 are series 
connected between C1 and C2 terminals of the driver boards 
GD1 and GD2, where each of the sharing resistors RSH has a 
tap connected to over Voltage terminals of the corresponding 
driver boards GD1 and GD2, respectively. 

Referring now to FIGS. 11A and 11B, three of the illus 
trated soft started modules 2 may be employed to construct a 
three phase soft starter array 100, in which line power of each 
electrical phase is connected to the line terminal 14 of the 
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corresponding module 2 and the motor lead of that phase is 
connected to the load terminal 12 of the module 2. FIG. 11A 
illustrates a low Voltage modular soft starter including three 
such modules 2, wherein each phase module 2 is rated at 2400 
volts. This soft starter array 100 therefore may be employed to 
provide a complete three phase soft starter power circuit for 
motors rated up to 2400 volts. FIG. 11B illustrates another 
possible soft starter modular approach 100, in which motors 
of a higher Voltage rating are accommodated by linking addi 
tion modules to one another in series for each phase. In this 
approach, a first module 2 of each phase has the line terminal 
14 thereof connected to line power with the load terminal 12 
of the first module 2 connected to the line terminal 14 of the 
next module 2, and Succeeding modules are serially con 
nected in this manner with the last module 2 having the load 
terminal 12 connected to the motor lead. 

FIG. 12A shows a perspective view of one such modular 
array in which each phase includes six modules 2 serially 
connected to provide a motor controller for a motor rated at 
13.8 KV. In this embodiment, the rear sides 24C of each 
module 2 are mounted to a flat Surface Such as a cabinet wall, 
cabinet floor, cabinet ceiling panel, etc., using the first set of 
module mounting structures 30 on the back sides of the first 
and second housing structures 10a and 10b. In this implemen 
tation, moreover, the gate driver boards GD1 and GD2 are 
mounted to the front sides 24a of the modules 10, with each 
driver board GD being mounted to both the upper and lower 
housing structures 10a and 10b via circuit board standoffs 80 
located in the second driver support structure slots 16b. 

FIG. 12B shows another possible modular arrangement 
100 in which six modules 2 are provided in each of the three 
motor phases, wherein the driver boards GD1 and GD2 are 
individually mounted to a corresponding one of the housing 
structures 10a and 10b, using circuit board standoffs 80 
located in the slotted first driver support structures 16a. In this 
configuration, the bottoms of the individual modules 2 are 
mounted to the flat Surface using the second module mounting 
structures 32b of the lower housing structure 10b. 

FIG. 12C illustrates yet another possible configuration of 
the soft starter modules 2 to form an array configuration 100. 
In this example, the gate driver boards GD1 and GD2 are 
again mounted to individual ones of the housing structures 
10a, 10b, with the modules being arranged in stacks with the 
back side 24C of each module 2 being mounted to the flat 
Surface (such a panel wall) using the first set of module 
mounting structures 30 (slotted flanges) and appropriate 
mounting screws. In this configuration, moreover, the mod 
ules 2 within each of the columns may be fastened to one 
another using screws or other fasteners extending between the 
holes in the flanged second mounting structure 32a of the 
upper housing structures 10a and the holes of the second 
modular mounting structures 32b of the lower housing struc 
tures 10b. 

FIG. 12D shows yet another soft starter 100 in which six 
modules 2 are again employed for each of three electrical 
phases. In this case, however, each phase includes two verti 
cal stacks of three modules 2 with the lower two modules 2 
being mounted to a lower flat Surface of a panel using module 
mounting structures 32b of the lower housing structures 10b 
thereof. In addition, the two stacks of three modules 2 may be 
mounted back to back using fasteners extending through the 
slotted flange module mounting structures 30 of each upper 
and lower housing structures 10a and 10b. 

FIG. 12E illustrates yet another example configuration 100 
in which three stacks of six modules 2 are provided for a 
corresponding three phase drive system. In this example, each 
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phase may be mounted to a different vertical Surface using the 
slotted mounting structures 30 at the back sides 24C of each 
of modules 2. 
The above implementations are merely examples of sev 

eral possible embodiments of various aspects of the present 
invention, wherein equivalent alterations and/or modifica 
tions will occur to others skilled in the art upon reading and 
understanding this specification and the annexed drawings. In 
particular regard to the various functions performed by the 
above described components assemblies, devices, systems, 
circuits, and the like, the terms including a reference to a 
“means’ used to describe such components are intended to 
correspond, unless otherwise indicated, to any component, 
Such as hardware, Software, or combinations thereof, which 
performs the specified function of the described component 
i.e., that is functionally equivalent, even though not structur 
ally equivalent to the disclosed structure which performs the 
function in the illustrated implementations of the invention. 
In addition, although a particular feature of the invention may 
have been disclosed with respect to only one of several imple 
mentations, such feature may be combined with one or more 
other features of the other implementations as may be desired 
and advantageous for any given or particular application. 
Also, to the extent that the terms “including”, “includes”, 
“having”, “has”, “with', or variants thereof are used in the 
detailed description and/or in the claims, such terms are 
intended to be inclusive in a manner similar to the term 
“comprising. 

Having thus described the invention, the following is 
claimed: 

1. A soft starter module for selectively electrically connect 
ingapowerline terminal with an electric motor load terminal, 
the module comprising: 

a first Switching device having a first terminal electrically 
coupled with a load terminal and a second terminal 
electrically coupled with a line terminal; 

a second Switching device having a first terminal electri 
cally coupled with the line terminal and a second termi 
nal electrically coupled with the load terminal; 

a driver apparatus providing Switching control signals to 
the first and second switching devices for selectively 
electrically connecting the line terminal with the load 
terminal; and 

a housing with a top, a bottom, and at least one side, the 
housing comprising: 
a first housing structure, 
a second housing structure mounted to the first housing 

structure, the first and second housing structures 
defining a cavity in which the first and second Switch 
ing devices are mounted and allowing for external 
access to the load terminal and the line terminal, 

at least one of the first and second housing structures 
including driver Support structures for mounting the 
driver apparatus to the housing, 

a plurality of first module mounting structures located 
on at least one of the first and second housing struc 
tures and allowing the housing to be mounted to a flat 
structure with a first one of the top and the at least one 
side generally parallel to the flat structure; and 

a plurality of second module mounting structures, gen 
erally perpendicular to the plurality of first module 
mounting structures, and located on at least one of the 
first and second housing structures and allowing the 
housing to be mounted to the flat structure with a 
second one of the top and the at least one side gener 
ally parallel to the flat structure. 
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2. The soft starter module of claim 1, wherein the first and 
second housing structures are joined along a closure line 
extending around a plurality of sides of the housing in a 
closure plane; 

wherein the first housing structure includes a first seal 5 
structure having at least two ribs and at least one groove 
between the ribs, the ribs and the groove extending along 
the closure line; 

wherein the second housing structure includes a second 
seal structure having at least two ribs and at least one 10 
groove between the ribs, the ribs and the groove extend 
ing along the closure line; and 

wherein one of the ribs of the first seal structure is at least 
partially within the groove of the second seal structure 
when the first and second housing structures are joined 
along the closure line and one of the ribs of the second 
seal structure is at least partially within the groove of the 
first seal structure when the first and second housing 
structures are joined along the closure line. 

3. The soft starter module of claim 2, wherein at least two 
of the ribs of both the first and second seal structures are 
elongated in a direction generally parallel with the closure 
plane. 

4. The soft starter module of claim3, wherein all of the ribs 
of both the first and second seal structures are elongated in the 
direction generally parallel with the closure plane. 

5. The soft starter module of claim 4, wherein at least one 
of the first and second seal structures includes at least three 
ribs and at least two grooves. 30 

6. The soft starter module of claim 5, wherein both the first 
and second seal structures individually include at least three 
ribs. 

7. The soft starter module of claim 5, wherein at least one 
of the ribs of at least one of the first and second seal structures 35 
extends in a direction generally parallel with the closure plane 
along the entire length of at least one side of the correspond 
ing one of the first and second housing structures. 

8. The soft starter module of claim 7, wherein at least one 
of the ribs of both the first and second seal structures extends 40 
in a direction generally parallel with the closure plane along 
the entire length of at least one side of the housing structures. 

9. The soft starter module of claim 7, wherein a height of 
the ribs in a direction generally normal to the closure plane of 
at least one of the first and second seal structures is greater 
than the spacing between adjacent ribs. 

10. The soft starter module of claim 5, wherein a height of 
the ribs in a direction generally normal to the closure plane of 
at least one of the first and second seal structures is greater 
than the spacing between adjacent ribs. 
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11. The soft starter module of claim3, wherein at least one 

of the ribs of at least one of the first and second seal structures 
extends in a direction generally parallel with the closure plane 
along the entire length of at least one side of the correspond 
ing one of the first and second housing structures. 

12. The soft starter module of claim 11, wherein a height of 
the ribs in a direction generally normal to the closure plane of 
at least one of the first and second seal structures is greater 
than the spacing between adjacent ribs. 

13. The soft starter module of claim 3, wherein a height of 
the ribs in a direction generally normal to the closure plane of 
at least one of the first and second seal structures is greater 
than the spacing between adjacent ribs. 

14. The soft starter module of claim 2, wherein at least one 
of the ribs of at least one of the first and second seal structures 
extends in a direction generally parallel with the closure plane 
along the entire length of at least one side of the correspond 
ing one of the first and second housing structures. 

15. The soft starter module of claim 14, wherein at least one 
of the ribs of both the first and second seal structures extends 
in a direction generally parallel with the closure plane along 
the entire length of at least one side of the housing structures. 

16. The soft starter module of claim 14, wherein a height of 
the ribs in a direction generally normal to the closure plane of 
at least one of the first and second seal structures is greater 
than the spacing between adjacent ribs. 

17. The soft starter module of claim 16, wherein the height 
of the ribs in the direction generally normal to the closure 
plane of at least one of the first and second seal structures is 
greater than twice the spacing between adjacent ribs. 

18. The soft starter module of claim 16, wherein the height 
of the ribs in the direction generally normal to the closure 
plane of both the first and second seal structures is greater 
than the spacing between adjacent ribs. 

19. The soft starter module of claim 2, wherein a height of 
the ribs in a direction generally normal to the closure plane of 
at least one of the first and second seal structures is greater 
than the spacing between adjacent ribs. 

20. The soft starter module of claim 19, wherein the height 
of the ribs in the direction generally normal to the closure 
plane of at least one of the first and second seal structures is 
greater than twice the spacing between adjacent ribs. 

21. The soft starter module of claim 19, wherein the height 
of the ribs in the direction generally normal to the closure 
plane of both the first and second seal structures is greater 
than the spacing between adjacent ribs. 

22. The soft starter module of claim 2, wherein at least one 
of the first seal structure and the second seal structure extends 
around only a portion of the closure line. 
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